Four 2yr-field experiments were carried out at Kalabsho-El-Dakahlia Governorate, in 2012/13 and 2013/14 winter growing seasons to study the effect both individual and combined applications of B, Zn and Mn on juice quality and the content of some macro-and micronutrients of sugar beet, var. Sultan.
INTRODUCTION
Sugar beet is becoming one of the important sugar crops. It grows well in the new reclaimed soils; maturity take short time compared to sugar cane and contains high sugar content. Improving quality parameters of sugar beet juice is the main demand for sugar companies to increase the extracted sugar as well as for the growers to increase their net income. Awad et al.,(2013a) The proper application of micronutrients depends mostly on their effect on crops.
Application of micronutrients for nutrients mostly depends on their effect on crops. ELTaweel,(1999) . In recent years, sugar beet grown on sandy soils as newly reclaimed soils has shown a variety of visual symptoms that resemble nutrients deficiencies. Sugar beet nutrition had a great effect on beet productivity. For various crops, micronutrients fertilizers received great attention.
There is a great need to find out the proper technical recommendations for improving the productivity and quality of sugar beet under Egyptian conditions. Because the Egyptian soils suffer from a high pH values, the availability of P, K and micronutrients is reduced. El-Geddawy et al., (2007 and 2008) showed that soaking sugar beet seeds with solutions of micronutrients 0.5 and/or 1 kg B fed -1 + 4 kg Zn fed -1 before sowing significantly suppressed the dried method with respect to root diameter,weight/plant, root and sugar yield fed -1 .
Application of micronutrients mineral soluble salts unavailable forms. Many worker for micronutrients mentioned that, Gezgin et al., (2000) found that foliar application of B levels from 0, 500 and /or 750 g/boron fed-1 as (sodium borate 11% B). Increased significantly root and sugar yields via the increase in root sucrose%. Osman et al., (2003 and 2004) application of three levels of boron (0, 1 and 2 Kg fed -1 .) (as a borax, sodium borate 11% B) and 2 levels of Mn (0 and 1 Kg fed .-1 ) as a manganese sulfate 28% Mn) and the mixture of them 2 kg. B + 1 kg Mn fed -1 .
The results observed that, suppressed in root length, TSS%, sucrose%, root and sugar yields fed -1 . Shafika and El-Masry ,(2006) found that foliar spray with micronutrients, in mixtures of Zn, Mn and Fe increased significantly root growth, quality traits%, root and sugar yields fed -1 . Zeinab and Samya, (2006) and Allam, (2008) used three concentrations from B (0, 0.02 and 0.04% boric acid) as foliar application on root quality and yields of sugar beet. The results, found that 0.02% boric acid attained the highest root growth, quality traits%, as well as root and sugar yields fed -1 . Rosell and Ulrich (1964) reported that 9 ppm Zn application is the critical level of sugar beet plants. Zn application increased macro and micro elements in the mature blades and petiols such as Fe, Mn, nitrate and phosphate. They added that the critical level of Zn in sugar beet plants tissues was 8-10 ppm, where plants were sampled after 6 weeks from planting. Last and Bean, (1990) found that leaf Mn concentration sampled in mid-July was greater than without MnSO 4 application and deficiency symptoms were least with MnSO 4 + adjuvant. Rutskaya et al., (1981) studied the effect of applied B and Zn on the content of micronutrients in leaves and roots of sugar beet. The Zn content in the leaves was increased, whereas changes in their content in the roots were not significant. Morsy and Taha, (1986) claimed that the addition of B and/or Mn to sugar beet plants increased the concentration and uptake of N, P, K, B and Mn in sugar beet tops, roots and TSS. They also found that application of boric acid from 0.5-0.7 % three times and/or 0.1 % MnSO 4 three times attained the best results . Saif, (1991) reported that soil application of 0.5 kg B fed -1 and/or 4 kg Zn fed -1 gave the highest value of sucrose, TSS and purity%. Tsolova and Peneva, (1992) estimated the concentration of B, Zn and Mn in sugar beet tops and roots and the amounts removed per unit area in harvested tops and roots at different growth stages. They found that trace elements concentration increased in tops and decreased in roots. Zn concentration decreased in both parts, Mn concentration in tops increased to a peak, the largest amounts of B and Mn were 5.0 and 18.8 g ha -1 respectively and the greatest amount of Zn was 44.7 g ha -1 . Soudi and El-Guibali, (2008) and Manal, Hussein, (2011) found that foliar application with (B + Zn + Mn + Fe) at the level 2 ml /l /400 L water fed -1 increased significantly root length, diameter, fresh weight/plant, as well as, sucrose%, purity%, root and sugar yields fed-1 in both seasons as compared with control treatment (without micronutrients) and 1 ml /l /400 L water fed -1 . It is concluded that foliar application (B+Zn+Mn) at the level of (3/4 L fed -1 .) with applied nitrogen fertilizer level at (140 kg fed -1 .) produced the highest mean values of the most traits for sugar beet under study.
Abd EL-Daiem, et al., (2015 a) concluded that foliar application (B+Zn+Mn) at the level of (1.5 L fed -1 .) with applied potassium fertilizer level at (48 kg K 2 O fed -1 .) produced the highest mean values of the most traits for sugar beet under study.
This investigates aimed to study the effect of some micronutrients on yield and quality of sugar beet (Beta vulgaris L.).
MATERIALS AND METHODS
Four -field trials were carried out in KalabshoEl-Dakahlia Governorate in two winter seasons (2012/2013 and 2013/2014) to study the effect of some micronutrients on juice quality and chemical composition of sugar beet (Beta vulgaris L. ) plants. The experiments were carried out in a loamy sand soil. The chemical and mechanical analyses of the experimental soil are presented in Table (1) . Each experiment included 9 treatments .i.e. 3 levels of the micronutrient at 3 dates in soil application, as follows:
Experiment 1: In this experiment 3 levels of boron were used (zero, 0.5 and 1 kg B fed -1 ). Boron was applied as sodium borate (Borax) Na 2 B 4 O 7 .10 H 2 O (11% B).
Experiment 2: In this experiment 3 levels of zinc which were used (zero, 1.5 and 3 kg Zn fed -1 ). Zinc was applied as zinc sulfate Zn SO 4 ( 22% Zn).
Experiment 3: In this experiment 3 levels of manganese were used (zero, 1 and 2 kg Mn fed -1 ). Manganese was applied as manganese sulfate MnSO 4 (32% Mn).
Experiment 4: In this experiment 3 levels of the tested micronutrients mixtures which were B,Zn and Mn,( zero, 0.5 kg B + 1.5 kg Zn + 1kg Mn fed -1 ). and (1 kg B + 3 kg Zn + 2kg Mn fed -1 ).
Times application for all experimental treatments were at planting, after 50 and 75 day after sowing (DAS). All micronutrients either singly or mixed were applied once as soil application after complete mixing with appropriate amounts of fine sand, according to date of application.
The commercial sugar beet variety Sultan was used in the four trials. Planting was done on the 15 th of November in both growing seasons. Harvest was followed after 7 months in both seasons. Nitrogen fertilizer at 100 kg N fed -1 . in the form of ammonium nitrate (33.5% N) was applied in four equal doses, The first was applied after thinning and the others was applied at 2-weeks interval after the first application. Phosphours fertilizer at 30 kg P 2 O 5 fed -1 . as calcium superphosphate (15 % P 2 O 5 ) and potassium fertilizer at 48 kg K 2 O fed -1 . as potassium sulphate ( 48 % K 2 O) . Phosphoruis fertilizer was applied at seedbed preparation while potassium fertilizer were applied in split application in two equal doses, The first dose after thining and the second dose was applied after one month later.
The experiments were laid out in complete randomized block design with four replications. Plot area was (3x7m) = 21 m 2 . Each plot contained 6 ridges which were 7 m in length and 50 cm in width. The preceding crop was rice in corn seasons. All cultural practices for growing sugar beet were done as recommended for the region. At harvest planting, a sample of 5 plants was taken at random to determine the chemical composition and juice quality I. juice quality: 1. Total soluble solids% (TSS %) which was determined using handl refractometer. 2. Sucrose% was determined according to Le Docte, (1927) . 3. Purity % was calculated according to the following formula: Apparent purity % = Sucrose% / TSS % X 100.
II. Chemical composition:
The 5-plant samples taken at harvest were used for chemical analysis. Fresh samples of 100 g of leaves and roots were taken from each treatment and then oven dried at 70 o c and ground and kept for chemical determinations. Dry samples of 0.1 g each were wet digested using 5 ml concentrated sulfuric acid and perchloroic mixture acid as a catalyst. The digestion was diluted to 100 ml in volumetric flask using distilled water for the following analysis. 0.07 Nitrogen contents in leaves and roots were determined using micro kjeldahl apparatus according to Hesse ,(1971) .Phosphorus contents in leaves and roots were determined in digested solution according to Olsen et al., (1954) by using spectrophotometer. Potassium contents in leaves and roots were detrmined in the digested solution according to Brown and Lilliand (1964) . Boron in mg 100 g -1 dry matter was estimated calorimetrically using Azomethine-H at 420 nm according to John et al., (1975) . Zn and Mn in dry matter were determined as described in flame Method, Manual for Atomic Absorption, Model 22 Brooklyn AVE as given by the (A. O.A.C., 1990) .Data statistically analyzed according to Snedecor and Cochran, (1981) .
RESULTS AND DISCUSSION

1-Juice quality as affected by B, Zn and Mn application;
Results for the effects of B, Zn, Mn either alone or mixed at three levels and three different time of application on juice quality at harvest are shown in Table ( 2)These data indicate the following Table ( 2) showed that B single application at the higher level, i.e. 1 kg fed -1 significantly increased TSS% at harvest compared with the lower level (0.5 kg fed -1 ).Also other micronutrients either applied alone or in combination did not significantly affect TSS% .Time application of all micronutrients had no marked effect on TSS% of sugar beet juice at harvest. Also, the effect of the interaction between nutrients level and application date showed no significant effects on TSS%. It could be concluded that B application at 1 kg fed -1 showed positive effects on TSS% in juice at harvest. Similar results for the positive effect of B on TSS% were also reported by Awad,(2000) , Awad et al.,(2013 a,b and c) and Abd ELDaiem,et al .,(2015 a and b) .
Total soluble solids percentage (TSS %):-
Results in
Sucrose percentage:-
Results in Table ( 2) showed that all micronutrients at all levels applied and at three application times had no significant effect on sucrose% in sugar beet juice at harvest. The results showed that applying B, Zn, Mn and B + Zn + Mn at the lower level insignificantly increased sucrose%. Also, B, Zn, Mn and their mixture at the highest level insignificantly increased sucrose% at harvest. The interaction between microelement levels and application times had no significant effects on sucrose% in juice at harvest, for all micronutrients as well as for their mixture. However, a clear trend was observed where the highest values of sucrose% were recorded with all micronutrients when applied at the higher level, namely 1 kg B, 3 kg Zn, 2 kg Mn fed -1 and their mixture 1 kg B + 3 kg Zn + 2 kg Mn fed -1 ) when these levels were applied 75 days from planting.
The general trend of the results indicates that the higher micronutrients level combined with the late application at 75 days had a positive effect, particularly when applied as a mixture for the three elements on sucrose% of sugar beet juice at harvest. Table ( The positive effects of the three micronutrients on sucrose% in sugar beet juice at harvest were also reported by Morsy and Taha, (1986), Saif, (1991) , Awad et al.,(2013 a,b and c) and Abd EL-Daiem,et al., (2015 a and b) with B application. In addition the found effect of Zn on sucrose% was also reported by Saif, (1991) .Concerning Mn effect on sucrose% Morsy and Taha, (1986) found that sucrose% in sugar beet juice significantly increased due to the application of Mn. Also, the positive effect of two or more of these micronutrients on sucrose% was also reported by many investigators (Awad et al., (2013 a,b and c) as well as Abd EL-Daiem,et al., (2015 a) ).
Purity%:-
Results in Table ( 2) indicated that micronutrients application increased purity% of sugar beet juice at harvest. The increase in purity% due to micronutrients application reached the nonsignificant level with Mn where the highest Mn level insignificantly increased purity% compared with the check treatment and the lower level as well. Also, the results showed that applying the mixture 0.5 kg B + 1.5 kg Zn + 1 kg Mn fed -1 , increased purity% significant. Moreover, the higher level of micronutrients ( 1 kg B + 3 kg Zn + 2 kg Mn fed -1 ) increased purity% compared with the check treatment. These considerable increases were only significant with Mn application. It could be concluded that the application of B, Zn, Mn and their mixture favorabley, affected purity% particularly when these micronutrients were applied at the higher level alone or in a mixture. The greatest increases were recorded with mixture application.
The effect of application time of the mixed nutrients showed insignificant effect on purity%. The later application at 75 days insignificantly surpassed the earlier application at planting in effecting purity%. It is worth mentioning that with all single microelements, the later application increased purity% compared with earlier application, but the considerable differences in purity% were not significant.
4.Roots & Sugar Yields
Results in Table ( 2) showed that all micronutrients at all levels applied and at three application times had significant effect on root and sucrose yields in sugar beet juice at harvest. Also, B, Zn, Mn and their mixture at the highest levels significantly increased root and sucrose yields. On the other hand showed that the highest yields from roots and sugar yields productivity was with the treatment 1 kg B fed -1 in the first experiment while, the lowest yields at roots and sugar yields productivity was with control treatment in the third experiment. A1-Nitrogen and potassium % in sugar beet leaves and roots:-
The results presented in Table ( 3) show the effect of single and combined applications of B, Zn and Mn at two levels and at three application times on N, and K contents in leaves and roots of sugar beet at harvest combined analysis of the two growing seasons 2012/2013 and 2013/2014. Table ( 
Nitrogen content in leaves:-
The results in Table ( 3) showed that N% in leaves was significantly affected by applying a mixture of the three micronutrients.The results indicated a significant increase in N% in leaves due to application of a mixture containing 0.5 kg B + 1.5 kg Zn + 1 kg Mn fed -1 compared with the highest. Also, other micronutrients applied alone showed no significant effect on N% in leaves when applied at two levels. Some slight differences were observed in N% due to applying micronutrients, but without any specific trend, and the differences were below the significant level.
Time of application of all nutrients did not significantly affected N% in leaves. Also, no significant interaction between levels and dates of micronutrients application on N% in leaves. It could be concluded that a mixture of the three microelements at the lower level induced an increase in N% in leaves. The effect of the interaction between levels and times of application did not significantly influence N% in leaves.
Results reported by Rosell and Ulrich, (1964) (applying Zn) and Morsy and Taha, (1986) and Abd ELDaiem,et al., (2015 a) showed that N% in leaves increased due to application of micronutrients. Potassium content in leaves:-Results in Table ( 3) showed that K% in leaves increased significantly due to the application of the highest Zn level compared with the lower level. It was generally observed that with all micronutrients as well as their mixture a considerable increase in K% in leaves of sugar beet at harvest was observed when these nutrients were applied at the higher level.Time of application had no significant effect. However, slight increase was observed in K% in leaves due to the later application of the micronutrients at 75 days age.
In general, the highest K% was recorded with applying the highest micronutrients level at the latest application date.It could be concluded that micronutrients favorably affected K% in leaves. Results reported by and Abd EL-Daiem,et al., (2015 a) showed that micronutrients such as B, Zn and Mn increased K% in sugar beet leaves.
Nitrogen content in roots:-
Results in Table ( 3) showed that all micronutrients applied singly or combined at both levels had no significant effect on N% in sugar beet roots at harvest. It is observed that no any increase in root N content supplied with B, Zn, Mn or their mixture. The significant effect found only was for application time for Mn, where application at 90 days from sowing or at sowing significantly surpassed the later application at 105 days age in affecting N% in roots. It could be concluded that N% in roots showed no significant response to micronutrients. Results reported by Morsy and Taha, (1986) , and Abd ELDaiem,et al., (2015 a) applying B + Mn indicated a significant increase in roots N% due to applying microelements.
Potassium content in roots:-
Results in Table ( 3) showed that micronutrients application induced some increases in K% in sugar beet roots at harvest. In general, most increases in K% were clear but, mostly below the level of significance. The significant effect was found only for Zn when it was applied at the higher level. This effect was also recorded in K% in sugar beet leaves.
The general trend of the results indicated also that the application time did not significantly affect K% in roots. The level x application time interaction had no significant effect on K% in roots. However, the highest K% values were almost recorded with the highest level combined with the latest date. It could be concluded that a favorable effect was observed for micronutrients application on K% in sugar beet roots. The positive effect of micronutrients on K% in roots. The positive effect of micronutrients on K uptake by sugar beet plants was also reported by Morsy and Taha, (1986) , and Abd EL-Daiem,et al., (2015 a) .
A2. Boron, Zn and Mn (mgkg -1 ) in sugar beet leaves:-
The results for the effects of the application of B, Zn, Mn and their mixture at two levels and three application times on B, Zn and Mn contents in sugar beet leaves at harvest are presented in Table ( 
Boron content in leaves-
The results in Table ( 4) showed that neither levels nor dates of application of the three micronutrients and their mixtures significantly affected B concentration in sugar beet leaves. It can be observed that very slight increases in B content in leaves are found particularly when B or B + Zn + Mn were applied. All differences in B content were very slight to reach the significant level.
The effect of application time on B content in leaves had no specific trend and all differences due to application date are negligible.
Similarly, the levels x application time effect on B concentration in leaves was not significant. From the present results it could be concluded that B application showed no marked effect on B concentration in leaves. It was reported that the B concentration in sugar beet tops at harvest was 40 mg kg -1 and the symptoms of B deficiency did not appear when B concentration in the leaf was greater than 30 mg kg -1 , but symptoms were found when the concentration fell below 20 mg kg -1 .
Consequently, the experimental soil was fit to supply sugar beet plants with their B requirements. Results reported by Morsy and Taha, (1986) , and Abd EL-Daiem,et al., (2015 a) indicated that B application to sugar beet markedly increased B content in leaves. Zinc content in leaves:-Results in Table ( 4) showed that the three micronutrients did not significantly affect Zn content in sugar beet leaves at harvest. However, some considerable increases are observed in Zn content in leaves, particularly due to Zn applied alone or in the mixture. In addition, the results showed that Zn concentration in leaves of Zn treated plants. These considerable increases show the response of sugar beet plants to the applied Zn. of levels and application time of boron, zinc, manganese and their mixtures on boron (B Application time showed no significant effect on Zn content in leaves in spite of some slight increases observed at later application.
The interaction between levels and times of applying micronutrients mixture had significant effect on Zn content in sugar beet root. The results indicated that threw lower level of the mixtures was more effective when applied after 50 days, whereas the higher level of the mixture showed higher effect when applied after 75 days. The highest Zn content in sugar beet roots by applying 1 kg B + 3 kg Zn + 2 kg Mn fed -1 at 75 days from sowing.
The considerable effect of Zn application on Zn content did not reach the significant level probably due to the small number of replications devoted for the chemical analysis. Also, results reported by Rosell and Ulrich, (1964) and Abd EL-Daiem,et al., (2015 a) indicated that the critical level of Zn in sugar beet tissues was 9-10 ppm when plants were sampled after 6 weeks from sowing.
Consequently, the Zn level in the experimental site was quite satisfactory to supply the sugar beet plants with their needs of Zn since the leaves of check plants contained more than the critical content.
Manganese content in leaves:-
Results in Table ( 4) showed that neither micronutrients levels nor application times significantly affected Mn content in sugar beet leaves at harvest. Also, the interaction level x time had no significant effect on Mn content in leaves.
The results show some increases in Mn content due to Mn application either in single or mixed application. These results reported by Tsolova and Peneva, (1992) and Abd EL-Daiem,et al., (2015 a) showed that the greatest amount of Mn in sugar beet plants was 18.8 g ha -1 , (equivalent to 7.9 g fed -1 ). The amount can be readily available in the experimental soil. A3. Boron, Zn and Mn (mg kg -1 ) in sugar beet roots:-The results for the effects of the application of B, Zn, Mn and their mixtures at two levels and three application dates on B, Zn and Mn contents in sugar beet roots at harvest are presented in Table ( Table (5) showed that macronutrients levels, application time and their interaction had no significant effects on B content in sugar beet at harvest. It was observed that very slight increases were found in Table ( 5) indicated that Zn applied or mixed with B and Mn at both application levels insignificantly increased Zn content in sugar beet roots at harvest. The results revealed that Zn content in roots of sugar beet treated plants. These marked increases were however, below the level of significance.
The application of Zn was associated a significant effect on Zn content in roots. Application of the lower Zn level (1.5 kg fed -1 ) at 50 days age was more effective on Zn content, whereas the higher Zn level (3 kg fed -1 ) was equally effective when applied after 50 or 105 days.
The interaction between Mn level and Mn application time significantly affected Zn content in roots. The highest Zn content was 15.3 mg kg -1 which was recorded with the higher Mn level applied either at 50 or 75 days. It could be concluded that Zn content in sugar beet roots was favorably affected by the application of Zn either alone or mixed with B and Mn. The present results is in general agreement with that obtained by Rustskaya et al., (1981) , and Abd EL-Daiem,et al., (2015 a) . Table ( Manganese content in roots:-Results in Table ( 5) showed that all experimental factors and their interaction did not significantly affect Mn content in sugar beet roots at harvest. The results here followed the same pattern of response as shown with Mn content in leaves. Insignificant increases in Mn content in sugar beet roots followed the application of Mn either singly of mixed with B and Zn. Time of application of micronutrients had no significant effect on Mn content in roots.
Also, levels x times of micronutrients application did not significantly affect Mn content in roots. Generally, it was observed that slight increases in Mn content followed the later application of all nutrients and the increases in micronutrients level.
This general trend could be detected from the results in Table ( 
